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FIG. 6A

inspection port. Bearing caps and bearings are mounted
to the rotor. A variable frequency drive (VFD) assembly is
coupled to the axial field rotary energy device. The VFD
has a flexible conduit that extends between the VFD
housing and the axial field rotary energy device. The
flexible conduit can adapt to different sizes of axial field
rotary energy devices.

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 535 625 A1 2

Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This disclosure relates in general to electric
motors and, in particular, to a system, method and appa-
ratus for an electronic commutated motor (ECM) com-
prising an axial field rotary energy device with a printed
circuit board (PCB) stator and an integrated variable
frequency drive (VFD).

Description of the Prior Art

[0002] Axial field rotary energy devices such as those
described in US Patents 10,141,803, 10,135,310,
10,340,760, 10,141,804 and 10,186,922 (which are in-
corporated herein by reference in their entirety) use a
variable frequency drive (VFD) to operate when con-
nected to a 60 or 50 Hz alternating current (AC) source.
US Patents 11,183, 896 and 11,509,179 (also incorpo-
rated herein by reference in their entirety) propose sys-
tems where axial field rotary energy devices are coupled
to VFDs and can operate connected to 60 or 50 Hz
alternating current (AC) sources.

[0003] FIG. 1 depicts examples of such systems with
power ratings ranging from 3,73 to 11,19 Kilowatt that
equals 5 to 15 horse power (hp). It can be seen in those
examples that as the size of the axial field rotary energy
device increases as a function of the device’s power, the
size of the VFD enclosure increases at the same rate. For
example, diameter 1 (D1) is larger than D2, D2 is larger
than D3, and D3 is larger than D4 in FIG. 1.

[0004] Thus, each machine can require different parts
and tooling to build those systems. Another undesirable
effect of the increase in size of the VFD enclosure is the
added overall weight of the axial field rotary energy
device and VFD system.

[0005] In order to simplify and streamline manufactur-
ing processes and reduce volume and weight of the axial
field rotary energy device and VFD system, itis desirable
to have a VFD package that occupies substantially the
same volume independently of its power rating and can
be coupled to enclosures of axial field rotary energy
devices independently of their rating.

SUMMARY

[0006] The above identified desires and problems are
solved by the features of the independent claims. Ad-
vantageous embodiments can be derived from the re-
spective dependent claims.

[0007] Inan aspectofthe presentdisclosure, a system
comprises an axial field rotary energy device and a vari-
able frequency drive (VFD) assembly coupled to the axial
field rotary energy device. The system may also be
referred to as VFD integrated system.
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[0008] In some implementations, the axial field rotary
energy device in such a VFD integrated systems can
operate as a motor, such as an electronic commuted
motor.

[0009] In some implementations, the axial field rotary
energy device in these VFD integrated systems can
operate as agenerator, where the axial field rotary energy
device may operate as an alternator, and the VFD as-
sembly may operate as an AC/AC power converter pro-
viding the integration to an external grid or powering an
islanded load.

[0010] The axial field rotary energy device of said
system comprises an axis of rotation.

[0011] The axial field rotary energy device further com-
prises a rotor coaxial with the axis and having a shaft,
bearings, rotor disks that are coaxial, permanent mag-
nets on each rotor disk, and the permanent magnets on
each rotor disk face toward each other.

[0012] The axial field rotary energy device of said
system further comprises a printed circuit board (PCB)
stator located axially between the rotor disks to define an
air gap on each side of the PCB stator between the PCB
stator and each of the rotor disks. For operation of the
axial field rotary energy device, the air gaps can have
substantially the same width.

[0013] The axial field rotary energy device further com-
prises an enclosure having two enclosure sections. The
two enclosure sections of the axial field rotary energy
device when coupled together can secure the PCB stator.
[0014] The two enclosure sections of the axial field
rotary energy device may be clam shell enclosure sec-
tions.

[0015] At least one of the enclosure sections has an
inspection port oriented radially, relative to the axis, and
aligned with the PCB stator and the air gaps between the
PCB stator and the rotor disks, such that the inspection
port provides a direct line of sight to the air gaps. Ad-
vantageously, the at least one inspections port can pro-
vide physical access to the interior of the axial field rotary
energy device for a direct measurement of the air gaps
after the axial field rotary energy device is assembled.
[0016] The axial field rotary energy device may com-
prise more than one, e.g. four, inspection ports that are
uniformly spaced around the circumference of one of the
enclosure sections. The number and positioning of the
inspection ports is not limiting, the spacing between them
can be non-uniform.

[0017] Each inspection port can be sealed with a re-
movable threaded plug that provides protection against
ingression of water or dust into the axial field rotary
energy device.

[0018] The axial field rotary energy device further com-
prises bearing caps and bearings mounted to the rotor.
So, the rotor may be rotatably mounted to the respective
enclosure sections, such as with bearings respectively.
[0019] The bearings may have different sizes per axial
field rotary energy device.

[0020] A first bearing of the bearings may be a roller
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bearing. A second bearing of the bearings may be a ball
bearing.

[0021] Each enclosure section may be configured to
receive a bearing cap. Further, each enclosure section
may be configured to receive a gasket or O-ring. With
such an arrangement, there is provided a seal between
each of enclosure sections and the respective bearing
caps to prevent the ingression of contaminants into the
respective bearings. Advantageous it is now possible to
position the rotor disks axially relative to the PCB stator
and to establish the air gaps between the PCB stator and
the respective rotor disks.

[0022] The axialfield rotary energy device further com-
prises at least one annular shim located between a
respective bearing cap and a respective bearing. So, it
is possible to provide a bearing pre-load and to position
the rotor axially in relation to the enclosure sections.
[0023] An axial position of the rotor may be adjusted,
and widths of the air gaps may be changed by adding or
removing annular shims. So, the air gaps can be easily
adjusted by removing the annular shim from the space
between one bearing cap and its respective bearing, or
by adding an annular shim to the space between the
opposing bearing cap and its respective bearing. Addi-
tionally, the bearing caps, the at least one annular shim
and the bearings can now form an assembly where the
rotor does not move axially during operation indepen-
dently of the orientation of the axis of rotation (horizontal,
vertical, or inclined). Furthermore, it allows the axial field
rotary energy device to be mounted vertically with the
drive end pointing up or down.

[0024] Each annular shim may have a different thick-
ness to provide a wide range of adjustments for the air
gaps.

[0025] The system further comprises the VFD assem-

bly coupled to the axial field rotary energy device. Here-
inafter, the VFD assembly refers to the electronics that
comprises a functional VFD and its enclosure.

[0026] The VFD assembly comprises a flexible conduit
that extends between a VFD housing (also referred to as
housing) and the axial field rotary energy device, wherein
the flexible conduit is configured to adapt to different
sizes of axial field rotary energy devices.

[0027] Preferably, the VFD assembly further com-
prises a rectifier module, a DC bus module, an inverter
module, and a control module, hereinafter commonly
referred to as VFD electronics.

[0028] Preferably, the VFD housing is configured to
receive VFD electronics, such as a PCB assembly that
comprises the VFD electronics, preferably all on one
single board.

[0029] The VFD housing may comprise a main cover
and an access cover.

[0030] The VFD housing may comprises a plurality of
fins located along two opposite sides of the VFD housing
to enhance the heat removal. The airflow generated by
impeller can be further directed towards these fins, e.g.
by air guides.
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[0031] Preferably, the axial field rotary energy device
may have captive fasteners configured to engage me-
chanically with respective VFD brackets that are coupled
to the VFD housing.

[0032] Advantageously, while an enclosure of the axial
field rotary energy device can increase or decrease in
size as a function of its power or its torque, an enclosure
of the VFD as described herein can have the same or
substantially the same physical dimensions regardless of
the power rating of the respective axial field rotary energy
device. Hereinafter the term "size" may be used synony-
mously with the term "dimensions", "outer diameter" .
[0033] There may be one of the two enclosure sections
on a drive end of the axial field rotary energy device and
the other one of the two enclosure sections may be on a
non-drive end of the axial field rotary energy device.
[0034] Atleastone of the bearing caps may comprise a
grounding brush. Preferably, the at least one of the
bearing caps has a slot configured to receive the ground-
ing brush, e.g. that can be mounted to gently touch the
shaft of the rotor. Advantageously, this grounding brush
may prevent parasitic currents from circulating through
the bearings which can damage and shorten their life. In
some implementations, only one grounding brush is
mounted on a bearing cap on the drive end. In other
implementations, grounding brushes are mounted on
each bearing cap.

[0035] The system may further comprise an impeller
coupled to the shaft of the rotor. For that, the shaft may
have a keyway that aligns axially and engages atabon a
bore of the impeller. So, the impeller can provide an air
flow to cool the axial field rotary energy device and the
VFD assembly of the VFD integrated system.

[0036] The impeller may have retention tabs that en-
gage with a groove in the shaft to retain the impeller on the
shaft, e.g. when the impeller is fully seated on the shaft.
[0037] The impeller may be disposed only on a non-
drive end of the axial field rotary energy device. In some
implementations, one impeller is disposed on a non-drive
end of the axial field rotary energy device and another
impeller is disposed on a drive end of the axial field rotary
energy device.

[0038] The system wherein at least one of the bearing
caps comprises a grounding brush and the bearings have
different sizes.

[0039] The system further comprising an impeller
coupled to the shaft of the rotor, wherein the impeller
has retention tabs that engage with a groove in the shaft
to retain the impeller on the shaft, and at least one of the
bearing caps comprises a grounding brush.

[0040] The system wherein the bearings have different
sizes.

[0041] The system further comprising an impeller
coupled to the shaft of the rotor, wherein the impeller
has retention tabs that engage with a groove in the shaft
to retain the impeller on the shaft, and the bearings have
different sizes.

[0042] The system further comprising a metal shim
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located between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0043] The system further comprising metal shims lo-
cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0044] The system further comprising metal shims lo-
cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0045] The system further comprising metal shims lo-
cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0046] The system further comprising metal shims lo-
cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0047] The system further comprising metal shims lo-
cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0048] The system wherein the metal shims comprise
copper foam.
[0049] The system further comprising metal shims lo-

cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0050] The system wherein the metal shims comprise
copper foam.
[0051] The system further comprising metal shims lo-

cated between the PCB stator and at least one of the
enclosure sections of the axial field rotary energy device,
wherein the metal shims axially couple the PCB stator to
the enclosure sections to transfer heat from the PCB
stator to the enclosure sections.

[0052] The system wherein the metal shims comprise
copper foam.
[0053] The systemwherein the axial field rotary energy

device and the VFD housing achieve a degree of protec-
tion IP54 according to IEC60034-5 or higher.

[0054] Embodiments of systems comprising an axial
field rotary energy device and respective variable fre-
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quency drive (VFD) are disclosed. Hereinafter, these
embodiments can be referred to as a VFD integrated
system, a motor-VFD assembly, etc. For example, the
VFED integrated system can include an axial field rotary
energy device having a printed circuit board (PCB) stator
coaxial with rotor disks having respective permanent
magnets. The PCB stator can be located axially between
the rotor disks that are coupled to a common shaft that
can rotate about an axis of rotation. The rotor disks and
PCB stator can be positioned inside an enclosure, e.g. a
clam shell enclosure, having features that allow for in-
specting and adjusting the mechanical air gaps between
the PCB stator and respective rotor disks without disas-
sembling the axial field rotary energy device. The VFD
can be located in a separate enclosure with mounting
features that enable attaching the VFD to enclosures of
different sizes of axial field rotary energy devices. The
VFD enclosure can have features that provide water and
dust ingression protection meeting IP54 or IP55 degree
of protection as per IEC60034-5, for example.

[0055] The VFD enclosure can provide selective ac-
cess to parts of the VFD electronic circuit facilitating
connection of power or control cables to the VFD while
preventing users from touching electrically charged com-
ponents, such as capacitors, for example. The VFD en-
closure also can have features that provide visual infor-
mation about the status of the VFD without having to open
the enclosure or remove covers. Furthermore, the VFD
enclosure can have features to capture and dissipate the
heat generated by components such as MOSFETSs, rec-
tifier bridges and inductors, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] So that the manner in which the features and
advantages of the embodiments are attained and can be
understood in more detail, a more particular description
can be had by reference to the embodiments that are
illustrated in the appended drawings. However, the draw-
ings illustrate only some embodiments and are not to be
considered limiting in scope since there can be other
equally effective embodiments.

[0057] It shall be noted that some of the details and/or
features shown in the drawings herein may not be drawn
to scale for clarity purposes and some elements.

FIG. 1is an isometric view of conventional axial field
rotary energy devices and VFD systems.

FIG. 2is ageneral schematic view of an embodiment
of a VFD integrated system.

FIG. 3 is an isometric view of embodiments of axial
field rotary energy devices and VFD systems having
a modular VFD enclosure.

FIG. 4A is an isometric view from different angles of
an embodiment of an axial field energy device with-
out the VFD enclosure.

FIG. 4B is a sectional side view of the device shown
in FIG. 4A.
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FIG. 4Cis anisometric view of an enlarged portion of
the device shown in FIG. 4A.

FIG. 4D is a side view of an enlarged portion of the
device shown in FIG. 4A.

FIG.5Ais an exploded, isometric view of an embodi-
ment of an axial field rotary energy device and im-
peller.

FIG. 5B is an enlarged isometric view of an embodi-
ment of an impeller for an axial field rotary energy
device.

FIG. 6A is an isometric view of the VFD integrated
systems shown in FIG. 3 from a different angle.
FIG. 6B is a top view of one of the VFD integrated
systems shown in FIG. 6A.

FIG. 7A is sectional schematic side view of an em-
bodiment of a VFD integrated system showing its air
flow.

FIG. 7B is a bottom view of an embodiment of a VFD
enclosure with an impeller.

FIG. 7C is a partial bottom view of an alternate
embodiment of the VFD enclosure.

FIG. 7D is a partial sectional side view showing
details of the fins in a VFD enclosure.

FIG. 8Ais an exploded isometric view of an embodi-
ment of a VFD showing its components.

FIG. 8B is an enlarged isometric view of an embodi-
ment of an /O and communication module.

FIG. 8C is an isometric view, shown partially sec-
tioned, of an embodiment of the VFD showing its
access points.

FIG. 9 is an enlarged sectional side view of an
embodiment of the VFD showing its housing and
cover details.

FIG. 10 is a sectional side view of an embodiment of
the VFD cover.

FIG. 11A is an isometric view of an embodiment of
the VFD housing showing internal details.

FIG. 11B is an enlarged isometric view of a portion of
the VFD housing showing ferromagnetic core hold-
ing details.

FIG. 11C is a sectional side view of a portion of an
embodiment of ferromagnetic core mounting details.
FIG. 11D is an enlarged isometric view of a portion of
an embodiment of the VFD housing showing switch-
ing device mounting details.

FIG. 12is an enlarged sectional side view of a portion
of an embodiment of VFD covers with light pipes.

DETAILED DESCRIPTION

[0058] This disclosure includes embodiments of sys-
tems comprising a first enclosure containing an axial field
rotary energy device having one or more rotors with
magnets, such as permanent magnets, and one or more
printed circuit board (PCB) stators, and a second enclo-
sure containing a variable frequency drive (VFD), input
and output (I/O) interfaces, inductors, and other compo-
nents. However, it should be understood that the axial
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field rotary energy device in these VFD integrated sys-
tems can operate as a motor or as a generator. While the
axial field rotary energy device enclosure can increase or
decrease in size as a function of its power or torque, the
VFD enclosure in the embodiments described herein can
have the same size or substantially the same size re-
gardless of the power rating of the respective axial field
rotary energy device.

[0059] FIG. 2 shows a general schematic view of an
embodiment of a VFD integrated system 100 comprising
an axial field rotary energy device 110 and a VFD as-
sembly 120. Hereinafter, a "VFD 120" refers to the elec-
tronics that comprise a functional VFD and its enclosure.
In this embodiment, an axial field rotary energy device
110 can be coupled to an inverter module 121 of a VFD
120 through line inductors 130. In other versions, the line
inductors 130 can be absent, such that the axial field
rotary energy device 110 can be connected directly to the
inverter module 121 of the VFD 120. While the example
shown in FIG. 2 depicts a 3-phase motor connected to a
3-phase inverter, other phase arrangements are possi-
ble, such as 6, 9 or 12-phase devices, just to mention few
options without limiting the scope thereto.

[0060] In FIG. 2, the VFD 120 can comprise a rectifier
module 122, a DC bus module 123, an inverter module
121, and a control module 124. The rectifier module 122
can be, as an example, a full wave rectifier having pas-
sive devices, such as diodes, or active switching devices
(e.g., IGBTs, MOSFETSs, etc.) to convert the incoming
alternating current (AC) from the rectifier input 141 to
direct current (DC). In some embodiments, the rectifier
input can have ferromagnetic cores 146 in each phase to
filter common mode currents. The DC bus 123 can in-
clude a bank of capacitors sized to provide stable voltage
to the inverter module 121. The inverter module 121 can
have, as an example, a 6-pulse 3-phase bridge, which
can use active switching devices, such as IGBTs or
MOSFETs, controlled by a pulse width modulation
(PWM) scheme to convert DC to AC at the frequency
required by the axial field rotary energy device 110.
However, other inverter topologies can be used, such
as 3-level neutral point clamped (NPC) inverter. Although
theinputto the VFD 120 is typically AC at 60 or 50 Hz, the
output frequency of the VFD 120 can range from, for
example, a frequency near zero Hz, to a frequency in the
hundreds or even thousands of Hz. In some embodi-
ments where the PWM frequencies are high (e.g., above
50 kHz), the inverter module 121 can comprise wide band
gap (WBG) devices such as silicon carbide or gallium
nitride MOSFETSs.

[0061] The VFD integrated system 100 depicted in
FIG. 2 can include a control module 124 that provides
and receives signals to and from the various modules of
the VFD 120. The control module can be coupledtoan 1/0O
and communication module 125 (hereinafter referred to
as I/0O module) configured to receive control signals from
an external source through input ports 142, such as a
digital signal, to turn the VFD on or off, or an analog
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voltage signal that can provide a speed reference to the
system. These signals can control the output frequency
of the VFD 120, and therefore the speed of the axial field
rotary energy device 110. They also can control the
current and voltage supplied by the VFD 120 to the axial
field rotary energy device 110 to achieve desired torque
characteristics, such as operating at a constant torque
condition over a certain speed range. FIG. 2 depicts input
and output connections 143 and 144 between the control
module 124 and the inverter module 121 and rectifier
122, respectively. In some embodiments, some of the
input or output connections can be absent. In some
embodiments, the control module 124 also can be con-
nected to sensors in the axial field rotary energy device
110 via a separate set of inputlines 145. The sensors can
include, for example, resistance temperature detectors
(RTD), thermocouples, vibration sensors, encoders, an-
d/or other sensors.

[0062] In some embodiments of the VFD integrated
system 100, the control module 124 in conjunction with
the 1/0O module 125 can be configured to receive and
transmit information to a supervisory control and data
acquisition system (SCADA) or other control system. The
I/0 module 125 can have a communication interface that
can be configured to operate various communication
protocols including, but are not limited to, Modbus
RTU, Modbus TCP/IP, Ethernet, EtherCAT, EtherNet/IP,
PROFINET, POWERLINK, SERCOS Ill, CC-Link IE,
BacNET, RS485, LTE-M, and Bluetooth. The I/O module
alsocanacceptanaloginputs,suchasa0-10Vora4-20
mA.

[0063] Although FIG. 2 depicts a VFD integrated sys-
tem 100 with the axial field rotary energy device 110
operating as a motor, other embodiments of the VFD
integrated systems can be operated as generator sys-
tems where the axial field rotary energy device 110 can
operate as an alternator, and the VFD 120 can operate as
an AC/AC power converter providing the integration to an
external grid or powering an islanded load. In these
cases, the inverter module 121 can operate as an active
rectifier of the AC/AC power converter and the rectifier
122 can have active switching devices such as IGBTs or
MOSFETs and operate as an inverter. The control mod-
ule 124 can provide the signals to control the active
rectifier by means of the communication ports 143 and
signals to control the inverter through ports 144, for
example.

[0064] Embodiments ofthe VFD 120 can have different
power ratings but its housing (enclosure) can have the
same size or substantially the same size. FIG.3 shows
examples of VFD integrated systems 100 and 200, where
the respective axial field rotary energy devices 110a,
110b can have different power ratings and outer dia-
meters. For example, the VFD integrated system 100
can have a rating of 5,59 Kilowatt (that equals 7.5 horse
power (hp)) and a diameter D1 of approximately 380 mm,
and the VFD integrated system 200 can have a rating of
11,19 Kilowatt (that equals 15 horse power (hp)) and a
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diameter D2 of approximately 520 mm. However, their
respective VFDs 120 can occupy the same volume and
have the same enclosure.

[0065] FIGS.4Ato4D show anembodimentof an axial
field rotary energy device 110 that can be part of a VFD
integrated system. FIG. 4A shows a view from both the
drive end side and the non-drive end side of the axial field
rotary energy device 110. The axial field rotary energy
device 110 can comprise a rotor 202 that can rotate about
an axis of rotation 201. The rotor 202 can comprise rotor
disks 211 coupled to a shaft 210 that can rotate about the
axis of rotation 201 (FIG. 4B). Rotor disks 211 can be
coaxial and permanent magnets can be on each rotor
disk 211. The permanent magnets on each rotor disk 211
may face toward each other.

[0066] The axial field rotary energy device 110 can
further comprise an enclosure formed by two clam shell
enclosure sections 203a and 203b. The enclosure sec-
tion 203ais on the drive end of the axial field rotary energy
device 110, and the enclosure section 203b is on the non-
drive end. When the two enclosure sections 203a and
203b are coupled together, they can secure the PCB
stator 220 (FIG. 4B) which is coaxial with the enclosure
sections 203a, 203b. A shim 222 can be positioned on at
least one face of the PCB stator 220 and the correspond-
ing enclosure section (203b, for example) to secure the
PCB stator 220 axially relative to the enclosure sections
203a and 203b. The shim 222 can be substantially ring-
shaped and be made of copper, aluminum, or copper
foam, for example, or any other metal alloy or material
that is a good thermal conductor so it also can help
transfer heat from the PCB stator 220 to the enclosure
sections 203a and 203b. The shim 222 can be available
in different thicknesses (0.25, 0.50 and 0.75 mm, for
example) to accommodate for assembly tolerances. In
some embodiments, the shim 222 can be segmented, so
a plurality of segments can form a ring.

[0067] The two enclosure sections 203a and 203b are
coaxially aligned with each other and are coaxial with the
axis of rotation 201 and the rotor 202. The rotor 202 can
be rotatably mounted to the respective enclosure sec-
tions 203a and 203b, such as with bearings 212a and
212b respectively. While FIG. 4B shows an embodiment
of the axial field rotary energy device 110 with same size
bearings 212a, 212b, other embodiments can have bear-
ings with different sizes and/or configurations. For ex-
ample, bearing 212a can be a roller bearing and bearing
212b can be a ball bearing.

[0068] The enclosure sections 203a and 203b can be
configured to receive bearing caps 204a and 204b re-
spectively. Each enclosure section 203a, 203b can have
a channel 214 configured to receive a gasket, or O-ring,
for example, that provides a seal between each of en-
closure sections 203a, 203b and the respective bearing
caps 204a, 204b to prevent the ingression of contami-
nants into the respective bearings 212a, 212b. In some
embodiments, one or more annular shims 213 (FIG. 4B)
can be positioned between the bearing caps 204a and
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204b and the respective bearings 212a and 212b to
provide bearing pre-load and to position the rotor 202
axially in relation to the enclosure sections 203a and
203b. This feature is advantageous to position the rotor
disks 211 axially relative to the PCB stator 220 and
establish the air gaps 221a and 221b between the
PCB stator 220 and the respective rotor disks 211. For
operation of the axial field rotary energy device 110, the
air gaps 221a and 221b can have substantially the same
width. The air gaps 221a, 221b can be adjusted by
removing the annular shim 213 from the space between
one bearing cap 204a or 204b and its respective bearing
212a or 212b, and adding an annular shim 213 to the
space between the opposing bearing cap 204a, or 204b
and its respective bearing 212a, or 212b. For example, by
removing the annular shim 213 from the space between
the bearing cap 204a and the bearing 212a and adding an
annular shim 213 to the space between the bearing cap
204b and the bearing 212b, the rotor 202 can be axially
shifted towards the drive end of the axial field rotary
energy device 110 to narrow the air gap 221a and widen
the air gap 221b. To enable this feature, there can be
multiple annular shims 213 in each space between the
bearing caps 204a, or 204b and the respective bearings
212a, or 212b. In addition, the annular shims 213 can
have different thicknesses to provide a wide range of
adjustments of each of the air gaps 221a and 221b.
Another advantage of this embodiment is that the bearing
caps 204a and 204b, annular shims 213 and bearings
212aand 212b can form an assembly where the rotor 202
does not move axially during operation independently of
the orientation of the axis of rotation 201 (horizontal,
vertical, or inclined). Furthermore, it allows the axial field
rotary energy device 110 to be mounted vertically with the
drive end pointing up or down.

[0069] Further in FIG. 4B, one of the enclosure sec-
tions 203a, for example, can have a channel 209 config-
ured to receive a gasket, or O-ring, for example, that
provides a seal between the two enclosure sections
203a, and 203b to prevent the ingression of water or dust
into the axial field rotary energy device 110. This, along
with seals in channels 214, can enable the axial field
rotary energy device 110 to achieve a degree of protec-
tion IP54, IP55 or higher, as per IEC60034-5, for exam-
ple.

[0070] The bearing caps 204a and 204b (FIG. 4A) can
have a slot configured to receive a grounding brush 205
(FIG. 4C) that can be mounted to gently touch the shaft
210 (FIG. 4B) of therotor 202. This feature is beneficial as
it can prevent parasitic currents from circulating through
the bearings 212a, and 212b which can damage and
shorten their life. FIGS. 4A to 4C show an embodiment of
the axial field rotary energy device 110 that has a ground-
ing brush 205 mounted on the bearing cap 204b on the
non-drive end. Some embodiments of the axial field
rotary energy device 110 can have the grounding brush
205 mounted on the bearing cap 204a on the drive end,
while other embodiments of the axial field rotary energy
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device 110 can have grounding brushes 205 mounted on
both bearing caps 204a and 204b.

[0071] The enclosure section 203a on the drive end
can have a mounting flange 231 (FIG. 4A) to facilitate
assembling the axial field rotary energy device 110 to a
driven equipment or prime mover, depending on whether
the axial field rotary energy device 110 is a motor or a
generator. The axial field rotary energy device 110 also
can be configured with flanges 232 (FIG. 4A) at certain
circumferential locations (at every 90 degrees, for exam-
ple). Each flange can have mounting holes 233 that are
parallel to the axis of rotation 201. The flanges 232 can
receive removable mounting brackets 234 that can be
fastened to the flanges 232 with bolts coupled to the
mounting holes 233. These features enable the axial
field rotary energy device 110 to be mounted to a frame,
for example.

[0072] One of the enclosure sections 203a, for exam-
ple, of the axial field rotary energy device 110, can have
one or more radially-oriented inspection ports 208 (FIGS.
4A and 4D) on the sides thereof. The inspection ports 208
can be aligned with the stator 220 and the air gaps 221a
and 221b to provide a direct line of sight to the air gaps
221a and 221b (FIG. 4D). This feature is advantageous
because it can provide a view of the interior of the axial
field rotary energy device 110 during assembly. The
inspections ports 208 also can provide physical access
to the interior for a direct measurement of the air gaps
after the axial field rotary energy device 110 is as-
sembled. While not being used, the inspection ports
208 can be sealed with a removable threaded plug that
provides protection against ingression of water or dust
into the axial field rotary energy device 110. As one
example, the embodiment shown in FIG. 4A can have
four inspection ports 208 that are uniformly spaced
around the circumference of the enclosure section
203a. Other axial field rotary energy devices can have
a different number of inspection ports and the spacing
between the ports can be non-uniform.

[0073] The axial field rotary energy device 110 can
have an external impeller 230 (FIGS. 5A and 5B) that
can be coaxial with the axis 201 and mounted to the shaft
210 on the non-drive end, for example. The impeller 230
can provide an air flow 310 (FIG. 7A) to cool the axial field
rotary energy device 110 and the VFD 120 of the VFD
integrated system 100. The impeller 230 and the shaft
210 can have features to facilitate their assembly. For
example, the shaft 210 can have a keyway 215 thataligns
axially and engages a tab 235 on the bore of the impeller
230. The shaft 210 also can have an annular groove 206
that engages one or more retention tabs 231 on the
impeller 230 when the impeller 230 is fully seated on
the shaft 210. The impeller 230 can be injection molded
and may comprise a structural plastic like ABS, or Nylon
12, or can be made of cast aluminum, for example. While
FIGS. 5A and 5B show an embodiment with an impeller
230 on the non-drive end of the axial field rotary energy
device 110, some embodiments can have impellers on
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both ends. The impeller 230 shown in FIGS. 5A and 5B is
configured to operate in clockwise or counterclockwise
rotation so it has straight radial blades 236 (FIG. 5B).
Other embodiments of the impeller 230 can be config-
ured to rotate in only one direction and can have back-
ward curved blades or forward curved blades, for exam-
ple.

[0074] FIG. 6A shows the VFD integrated systems
100, and 200 from FIG. 3 at a different angle. The VFD
integrated systems 100 and 200 can have axial field
rotary energy devices 110a and 110b, respectively, that
are substantially different in size, e.g. their outer dia-
meter. The axial field rotary energy device 110b can have
a higher power rating and be larger than device 110a, for
example. The VFD integrated systems 100 and 200 can
have VFDs 120 that have the same size or substantially
the same size, so they can have the same VFD enclo-
sure. For that, each VFD 120 can have a (same sized)
VFD housing 301 that can be configured to receive the
VFD electronics depictedin FIG. 2. The VFD 120 also can
have a main cover 302 coupled to the VFD housing 301,
and an access cover 303 coupled to the main cover 302.
The access cover 303 can have features that facilitate its
removal/installation, and to provide selective access to
the VFD electronics. As shown in FIGS. 6A and 6B, the
axial field rotary energy devices 110a and 110b can have
captive fasteners 311 (threaded studs, for example) con-
figured to engage mechanically with VFD brackets 312,
which are coupled to the respective VFD housings 301.
The spacing between captive fasteners 311 and their
location on the respective axial field rotary energy device
110a or 110b, for example, is such that, independently of
the size of the axial field rotary energy device, the fas-
teners 311 can align and engage the brackets 312 on the
VFD housing 301. The fasteners 311 also can guide and
align axially the VFD 120 to the respective axial field
rotary energy device during assembly.

[0075] In addition, the VFD housing 301 can be
coupled to the respective axial field rotary energy device
through a flexible conduit 304 configured to adapt to
different sizes of axial field rotary energy devices 110a,
or 110b, as shown in FIG. 6A. As an example, embodi-
ments of the VFD 120 may have different power ratings
but can have the same size or substantially the same
size. As already shown in FIG.3. there are examples of
VFD integrated systems 100 and 200, where the respec-
tive axial field rotary energy devices 110a, 110b can have
different power ratings and outer diameters (in the mean-
ing of different sizes). For example, the VFD integrated
system 100 can have a rating of 5,59 Kilowatt (that equals
7.5 horse power (hp)) and a diameter D1 of approxi-
mately 380 mm, and the VFD integrated system 200
can have a rating of 11,19 Kilowatt (that equals 15 horse
power (hp)) and a diameter D2 of approximately 520 mm.
However, their respective VFDs 120 can occupy the
same volume and have the same enclosure.

[0076] Different versions of VFD integrated systems
100, and 200 have been shown in FIGS. 3 and 6A to
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illustrate the interchangeability of the VFD 120 and its
enclosure relative to different versions of the respective
axial field rotary energy devices 110a, and 110b. Here-
inafter, the VFD integrated system will be referred to with
the reference numeral 100, but it should be understood
that VFD integrated system 100 can be different sizes
and versions.

[0077] FIG.7Ashows aschematicsectional view of the
VFD integrated system 100 where some parts are not
shown to illustrate how the airflow 310 can circulate
between the axial field rotary energy device 110 and
the VFD 120. The airflow 310 can be generated by the
impeller 230 coupled to the shaft 210, while the shaft 210
rotates about the axis of rotation 201. The airflow 310 can
be guided by a shroud 307 around fins 240 that can be
part of the enclosure section 203b of the axial field energy
rotary device 110. The airflow 310 is then directed toward
a substantially circular opening 308 approximately at the
center of the shroud 307 from where it can be pushed
outward by the impeller 230 over fins 305 of the VFD
housing 301.

[0078] Asshownin FIG. 7B, the VFD housing 301 can
have a plurality of fins 305a and 305b located along two
opposite sides thereof in a converging pattern that can
accelerate the air velocity as it moves along the fins 305a,
305b to enhance the heatremoval. The airflow generated
by the impeller 230 can be further directed towards the
fins 305a and 305b by air guides 306, which can have a
converging arrangement similar to the fins 305a, 305b. In
addition to increasing the air velocity, the converging fin
pattern also canincrease the fin density in the areas of the
VFD housing 301 that have a higher heat load to promote
a more effective heat transfer to the cooling airflow. For
example, fins 305a can be tightly packed in the area
where the switching devices 350 (represented by dotted
rectangles) are mounted inside the VFD housing 301.
Similarly, fins 305b can be tightly packed in the area
where inductors 130 (represented by dotted circles)
and ferromagnetic cores 145 (represented by dotted
rectangles) are mounted inside the VFD housing 301.
[0079] While FIG. 7B shows an embodiment of the
VFD housing 301 with fins 305a, 305b that are substan-
tially straight. As shown in FIG. 7C, other embodiments of
the VFD housing 301 can have fins 305 with a curved
profile. The fins 305 can have sloped leading edges 309
(FIG. 7D) that can reduce air drag losses to promote a
more efficient air flow pattern. Furthermore, the sloped
leading edges 309 collectively can form an elliptical
pattern (represented by the curved dashed lines in FIGS.
7B and 7C) around the impeller 230 to enhance the
capture of the air flow generated by the impeller 230
and allow for bi-directional operation of the impeller 230.
[0080] In the embodiment shown in FIG. 8A, the VFD
housing 301 is configured to receive a printed circuit
board assembly (PCBA) 320 that can comprise the rec-
tifier module 122, inverter module 121, DC bus 123, and
control module 124 shown in FIG.2, all on one single
board. The VFD housing 301 also can have other com-
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ponents such as inductors 130 (FIG. 8A) and ferromag-
netic cores 146, which can be held in place by a molded
clamp 326. An I/O module 125 also can be mounted on a
metal shield plate 322 that can deflect some of the
electromagnetic emissions produced by the inverter
module 121, so they do not interfere with the operation
of the 1/0 module 125. The I/O module 125 can be
attached to the shield plate 322 with snap-in supports
318 (FIG. 8B) that allow for quick installation and re-
moval. The shield plate 322 can be located above the
PCBA 320 and secured with standoffs 317 (FIG. 8B). The
I/0O module 125 also can be behind a safety barrier 324
(FIGS. 8A and 8C) that allows only selective access to
power terminals 321 and communication terminals 325a
and 325b when the access cover 303 is removed.
[0081] Some embodiments of the VFD 120 can be
configured to meet IP54 or IP55 degree of protection
as per IEC60034-5, forexample. Inthose cases, the main
cover 302 can have a channel that can receive a seal 327
(FIG. 9). The seal 327 can engage a raised edge 328 in
the VFD housing 301. When the main cover 302 is
fastened to the VFD housing 301, the raised edge 328
can compress the seal 327 to prevent water or dust from
entering the VFD 120. The seal 327 can be an O-ring or
an extruded gasket, for example. The VFD housing 301
can comprise a thermally conductive material such as
cast aluminum, for example. In some embodiments,
where shielding against electromagnetic interference
(EMI) is desired, the main cover 302 can be made of a
conductive material such as cast aluminum or molded
plastic with a conductive metallic coating. In those cases,
the seal 327 can be conductive.

[0082] Similar to the interface between the VFD hous-
ing 301 and main cover 302, the access cover 303 (FIG.
9) can have a channel configured to receive a seal 331
thatcan engage araised edge 332 on the main cover 302.
When the access cover 303 is fastened to the main cover
302, the raised edge 332 can compress the seal 331 to
prevent water or dust from entering the VFD 120. The
seal 331 can be an O-ring or an extruded gasket, for
example. In embodiments where shielding against elec-
tromagnetic interference (EMI) is desired, the main cover
302 and access cover 303 can be made of a conductive
material such as cast aluminum or molded plastic with a
metallic conductive coating. In those cases, the seal 331
can be conductive. The access cover 303 can be con-
figured to be easily removed from and reinstalled on the
main cover 302 with captive fasteners 333 (FIG. 10) that
can stay permanently attached to the cover 303.

[0083] The VFD housing 301 can have features to
facilitate the assembly of the VFD components and to
remove heat from those components during operation of
the VFD integrated system 100. As shown in FIG. 11A,
the VFD housing 301 can have concave cradles 340
configured to receive ferromagnetic cores 146 (FIG.
11B). The ferromagnetic cores 146 can be held in place
by a core clamp 326 that is fastened to bosses 341 with
screws 348 (FIG. 11B), for example. As shown in FIG.
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11C, the concave cradles 340 can have contours 339 that
closely match the outer surface of the ferromagnetic
cores 146 to enhance surface contact therebetween,
reduce thermal resistance, and facilitate heat removal.
FIG. 11B shows an embodiment where not all concave
cradles 340 are populated with ferromagnetic cores 146.
Other embodiments of the VFD 120 can have both con-
cave cradles 340 populated with ferromagnetic cores
146. Some embodiments can have the core clamp 326
made of a non-conductive material such as ABS or nylon
12, for example. Other embodiments can have the core
clamp 326 made of a conductive material such as die-
cast aluminum or stamped steel, for example.

[0084] Back to FIG. 11A, the VFD housing 301 can
have pads 342 configured to receive inductors 130 (FIG.
8A). Another pad 343 can be configured to receive and
function as a heatsink for a rectifier module that can be
part of the PCBA 320 (FIG. 8A). In addition, the VFD
housing 301 can have a plurality of standoffs 345 integral
to the VFD housing, and configured to support the PCBA
320. The VFD housing 301 also can have pads with wire
loops 347 configured to receive tie wraps, for example, to
secure electrical cables that connect the components of
the VFD. Furthermore, the VFD housing 301 can have a
pad 346 configured to receive and function as a heatsink
for the active switching devices (IGBTs or MOSFETSs for
example) of the PCBA 320.

[0085] FIG. 11D shows details of how the switching
devices 350 can be mounted on the pad 346 of the VFD
housing 301. The pad 346 can have alignment pins 349
configured to receive and align thermal interface pads
351 and respective switching devices 350. The switching
device 350 can be held in place by a spring clip 352
attached to the VFD housing 301 by the fastener 353. The
spring clips 352 are configured to provide a uniform
clamping force to the respective switching device 350
independently of the torque applied to fasteners 353.
This arrangement is advantageous because it prevents
the application of excessive force that could damage the
switching device 350. In addition, as the thermal resis-
tance between the switching device 350, its respective
thermal interface pad 351, and the pad 346 can be
affected by the force applied by the spring clip 352, the
uniform clamping force can result in uniform thermal
resistance and, therefore, uniform temperature of the
switching devices 350 during operation. While the pad
346 in FIG. 11D is configured to receive six switching
devices, other embodiments of the VFD housing 301 can
have pads configured to receive a different number of
switching devices.

[0086] In some embodiments of the VFD 120, like the
one showninFIG. 12, the I/O module 125 can have one or
more LEDs 126 that can indicate the status of the VFD.
Forexample, agreen LED canindicate normal operation,
or red LED can indicate power on. To make the status of
the LEDs 126 visible to users, the access cover 303
(FIGS. 8A and 12) can have light pipes 313 mounted
to it. When the access cover 303 is fastened to the VFD
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main cover 302 (FIG. 12), the light pipes 313 can extend
through openings 329 in the safety barriers 324, and be
aligned with the LEDs 126 making their status visible
externally without the need to remove the access cover
303 or the safety barrier 324. FIG. 8A shows an embodi-
mentofthe VFD 120 with three light pipes 313 attached to
the access cover 303. Other versions can have a different
number of light pipes.

[0087] The terminology used herein is for the purpose
of describing particular example embodiments only and
is notintended to be limiting. As used herein, the singular
forms "a," "an," and "the" may be intended to include the
plural forms as well, unless the context clearly indicates
otherwise. The terms "comprises," "comprising," "includ-
ing," and "having," are inclusive and therefore specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features,
integers, steps, operations, elements, components, an-
d/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as
necessarily requiring their performance in the particular
order discussed or illustrated, unless specifically identi-
fied as an order of performance. It is also to be under-
stood that additional or alternative steps may be em-
ployed.

[0088] Whenanelementorlayeris referred to as being
"on," "engaged to," "connected to," or "coupled to" an-
other element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly engaged to," "directly connected to," or
"directly coupled to" another element or layer, there
may be no intervening elements or layers present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items.

[0089] Although the terms first, second, third, etc. may
be used herein to describe various elements, compo-
nents, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not
be limited by these terms. These terms may be only used
to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such
as "first," "second," and other numerical terms when used
herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, compo-
nent, region, layer or section discussed below could be
termed a second element, component, region, layer or
section without departing from the teachings of the ex-
ample embodiments.

[0090] Spatially relative terms, such as "inner," "outer,"
"beneath," "below," "lower," "above," "upper," "top", "bot-
tom," and the like, may be used herein for ease of
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description to describe one element’s or feature’s rela-
tionship to another element(s) or feature(s) as illustrated
in the figures. Spatially relative terms may be intended to
encompass different orientations of the device in use or
operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned
over, elements described as "below" or "beneath" other
elements or features would then be oriented "above" the
other elements or features. Thus, the example term
"below" can encompass both an orientation of above
and below. The device may be otherwise oriented (ro-
tated degrees or at other orientations) and the spatially
relative descriptions used herein interpreted accordingly.
[0091] This written description uses examples to dis-
close the embodiments, including the best mode, and
also to enable those of ordinary skill in the art to make and
use the invention. The patentable scope is defined by the
claims, and can include other examples that occur to
those skilled in the art. Such other examples are intended
to be within the scope of the claims if they have structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages
of the claims.

[0092] In the foregoing specification, the concepts
have been described with reference to specific embodi-
ments. However, one of ordinary skill in the art appreci-
ates that various modifications and changes can be
made without departing from the scope of the invention
as set forth in the claims below. Accordingly, the speci-
fication and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications
are intended to be included within the scope of invention.
[0093] It can be advantageous to set forth definitions of
certain words and phrases used throughout this patent
document. The term "communicate," as well as deriva-
tives thereof, encompasses both direct and indirect com-
munication. The terms "include" and "comprise," as well
as derivatives thereof, mean inclusion without limitation.
The term "or" is inclusive, meaning and/or. The phrase
"associated with," as well as derivatives thereof, can
mean to include, be included within, interconnect with,
contain, be contained within, connect to or with, couple to
or with, be communicable with, cooperate with, inter-
leave, juxtapose, be proximate to, be bound to or with,
have, have a property of, have a relationship to or with, or
the like. The phrase "atleast one of," when used with a list
of items, means that different combinations of one or
more of the listed items can be used, and only one item
in the list can be needed. For example, "atleast one of: A,
B, and C" includes any of the following combinations: A,
B,C,Aand B, Aand C, B and C, and A and B and C.
[0094] Also, the use of "a" or "an" is employed to
describe elements and components described herein.
This is done merely for convenience and to give a general
sense of the scope of the invention. This description
should be read to include one or at least one and the
singular also includes the plural unless it states other-
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wise.

Claims

1.

A system (100), comprising:
an axial field rotary energy device (110) having:

an axis of rotation (201);

a rotor (202) coaxial with the axis (201) and
having a shaft (210), bearings (212a, 212b),
rotor disks (211) that are coaxial, permanent
magnets on each rotor disk (211), and the per-
manent magnets on each rotor disk (211) face
toward each other;

a printed circuit board, PCB stator (220) located
axially between the rotor disks (211) to define an
air gap (221a, 221b) on each side of the PCB
stator (220) between the PCB stator (220) and
each of the rotor disks (211);

an enclosure having two enclosure sections
(203a, 203b) with at least one of the enclosure
sections (203a, 203b) having one or more in-
spection ports (208) oriented radially, relative to
the axis (201), and aligned with the PCB stator
(220) and the airgaps (221a, 221b) between the
PCB stator (220) and the rotor disks (211), such
that the inspection port (208) provides a direct
line of sight to the air gaps (221a, 221b);
bearing caps (204a, 204b) and bearings (212a,
212b) mounted to the rotor (202);

atleast one annular shim (213) located between
a respective bearing cap (204a, 204b) and a
respective bearing (212a, 212b), wherein pre-
ferably an axial position of the rotor (202) is
adjusted and widths of the air gaps (221a,
221b) are changed by adding or removing an-
nular shims (213); and the system (100) further
comprises:

avariable frequency drive, VFD, assembly (120)
coupled to the axial field rotary energy device
(110) and comprising:

a flexible conduit (304) that extends between a
VFD housing (301) and the axial field rotary
energy device (110), wherein the flexible conduit
(304) is configured to adapt to different sizes of
axial field rotary energy devices (110).

The system (100) of claim 1, wherein at least one of
the bearing caps (204a, 204b) comprises a ground-
ing brush (205), preferably the at least one of the
bearing caps (204a, 204b) having a slot configured
to receive the grounding brush (205).

The system of claim 1 or 2, wherein the bearings
(212a, 212b) have different sizes.

The system of any of the preceding claims further
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10.

1.

12.

13.

14,

15.

comprising an impeller (230) coupled to the shaft
(210) of the rotor (202).

The system of claim 4, wherein the impeller (230) has
retention tabs (231) that engage with a groove (206)
in the shaft (210) to retain the impeller (230) on the
shaft (210).

The system of any of the preceding claims further
comprising at least one metal shim (222) located
between the PCB stator (220) and at least one of
the enclosure sections (203a, 203b) of the axial field
rotary energy device (110).

The system of claim 6, wherein the atleast one metal
shim (222) axially couples the PCB stator (210) to the
enclosure sections (203a, 203b) to transfer heat
from the PCB stator (210) to the enclosure sections
(203a, 203b).

The system (100) of any of the preceding claims,
wherein the at least one metal shim (222) comprises
metal alloy, copper, aluminum, or copper foam.

The system (100) of claim 8, wherein the metal shim
(222) is segmented and/or wherein the metal shim
(222) is available in different thicknesses.

The system (100) of any of the preceding claims,
wherein the axial field rotary energy device (110) and
the VFD housing achieves a degree of protection
IP54 according to IEC60034-5 or higher.

The system (100) of any of the preceding claims,
wherein the VFD assembly (120) further comprises a
rectifier module (122), a DC bus module (123), an
inverter module (121), and a control module (124).

The system (100) of any of the preceding claims,
wherein the enclosure sections (203a, 203b) are
clam shell enclosure sections.

The system (100) of any of the preceding claims,
wherein each enclosure section (203a, 203b) com-
prises achannel (214) configured to receive a gasket
or O-ring that provides a seal between each of en-
closure sections (203a, 203b) and the respective
bearing caps (204a, 204b).

The system (100) of any of the preceding claims
comprising four inspection ports (208) that are uni-
formly spaced around the circumference of one of
the enclosure sections (203a).

The system (100) of any of the preceding claims,
wherein the VFD housing (301) comprises a plurality
of fins (305a, 305b) located along two opposite sides
of the VFD housing (301).
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